ABSTRACT For the massive Machine Type Communications (mMTC) service, a large number of devices can be connected simultaneously and the repetition signals that contain the same data can be transmitted to increase the received signal strength. Therefore, a multi-user transmission is required because the BS supports many devices by using limited radio resources. To manage inter-user interference (IUI) by multiuser transmission, a low-cost receiver that can cancel IUI is required because conventional MTC devices are low cost and low complexity. In this paper, a simple IUI cancellation method for the mMTC devices is proposed. The proposed method can measure IUI by using blank resources that are the parts of repetition signals, and it cancels IUI by subtracting the measured IUI at a signal-level. After canceling IUI, the mMTC device combines the signals to increase the signal-to-noise ratio (SNR). The block error rate (BLER) performances are investigated in a time-invariant channel and a time-varying channel, and the simulation results show that the proposed method can manage IUI successfully.
I. INTRODUCTION
At present, various services for massively connected IoT devices, such as Machine Type Communications (MTC), narrowband (NB)-IoT, and so on, are being developed actively [1] . MTC is an IoT service based on cellular networks. Since the MTC devices are designed with a simple transceiver structure, which enables them to be placed anywhere, the received signal strength of MTC is usually weaker than that of the existing LTE mobile devices. Therefore, the desired quality of service (QoS) cannot be achieved when the MTC device is fixed at a place where channel gain is low despite the base station (BS) transmitting downlink signals with the maximum power. To overcome this problem, the BS transmits the same data symbols repeatedly, and the MTC devices combine the repetition signals to increase the strength of the desired signal [2] . By combining the repetition signals, MTC devices can acquire the required strength of received signal that cannot be satisfied with the single maximum power transmission. Finally, MTC device can receive data symbol by using the combined signal.
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Massive MTC (mMTC) has been studied to satisfy the massive connectivity required for 5G services, whose target connection density is 1,000,000 devices/km 2 [3] . Assuming that each mMTC device in an urban macro environment communicates with the BS for periodic reports [4] and is supported by transmitting repetition signals, the BS should simultaneously support about 8 devices with the same resource in order to achieve the target connection density. Moreover, the BS should support more than 8 devices with the same resources when the number of repetition signals is increased. To solve this problem, multi-user transmission can be considered for the mMTC services. However, a multiuser system suffers from inter-user interference (IUI), since the same frequency and time resources are shared by multiple devices. Moreover, the mMTC devices cannot deploy a complex receiver with interference cancellation because they should be implemented with low cost and low complexity.
To solve the IUI problem under the constraints of low cost and low complexity, we propose a simple interference cancellation method for the mMTC devices. In the proposed method, a part of repetition signals for mMTC devices is utilized to cancel IUI. The BS transmits one or more zero-power signals during repetition for a desired device to measure the interference, and the desired mMTC device eliminates IUI by combining the received repetition signals. By utilizing the characteristic of mMTC system and the low complexity signal processing methods to cancel IUI, the proposed method can be implemented with a low cost and low complexity receiver. The performance of the proposed method is verified through simulations for both non-varying channel and varying channel.
In this paper, (·) T , (·) H and (·) −1 denote transpose, conjugate transpose and inverse, respectively. || · || F represents the Frobenius norm. As main symbols for the proposed method, N rep is the repetition number. B and M are the number of co-scheduled mMTC devices and the number of interference combining groups, respectively.
II. SYSTEM MODEL
Suppose that a BS with N t antennas supports the downlink transmission of multiple mMTC devices with a single antenna. Then, the k th received signal of the device i during repetition is given by
where h i (k) is a 1 × N t channel vector between the BS and the device i, w i (k) represents the precoder for the device i, s i denotes a symbol for the device i, and n i (k) indicates an additive white Gaussian noise (AWGN) with independent and identically distributed (i.i.d) CN (0, σ 2 n ). For the proposed method, generally, a precoding is not necessary to cancel IUI because interference cancellation is implemented through the characteristics of mMTC system, especially the repetition signals. However, the repetition signals can be precoded separately for the proposed method to further improve performance. Therefore, we assume that the maximum ratio transmission (MRT) is utilized for mMTC downlink transmission to acquire the beamforming gain. When we assume that a BS knows the downlink channel of the i th mMTC device, the precoder of transmission signals for the device is set as (2) .
Assuming that the BS transmits a symbol with a repetition number of N rep , the received signal vector of the device i is represented by
To increase the received signal-to-noise ratio (SNR), the mMTC device combines the repetition signals, and subsequently symbol detection is performed with the combined signals. When IUI occurs by supporting B devices with the same resources, the k th received signal of the device i is represented as
Therefore, a receiver with IUI cancellation is required to support multi-user mMTC devices. However, as mentioned before, a complex receiver cannot be used because mMTC devices are designed as a low cost. Therefore, a simple IUI cancellation method is required for mMTC devices.
III. PROPOSED IUI CANCELLATION METHOD
To design a simple IUI cancellation method for mMTC devices, a part of the repetition signals can be exploited for measuring the IUI term in (4) and interference cancellation can be performed by subtracting the measured interference from the received signal.
A. BLANK RESOURCE ALLOCATION FOR IUI MEASUREMENT
One or more resource(s) among the downlink resources for repetition can be utilized to measure the IUI, and it is defined as the 'blank resource' for the desired device. 
Therefore, by using the blank resource, device i can measure all the interferences from the other devices, as shown by (5) .
On the other hand, if k j is set as the time index for the blank resource of device j, the signal of device i is transmitted, but the signal of device j is not transmitted at k j . Note that the BS should announce the number of co-scheduled devices B, the repetition number N rep , and the time index k i to the device i at the beginning of the multi-user downlink transmission. 
B. COMBINING THE RECEIVED REPETITION SIGNALS IN THE INTERFERENCE CANCELLATION GROUP
Each IC group in Fig. 1 consists of the data subgroup containing the data of the desired device and the measured IUI that does not contain the data of the desired device. The interference cancellation is performed using the relation between the IUI included in a data subgroup and the measured IUI. The received signals in a data subgroup contain one blank resource of another device because the BS prevents blank resources from overlapping. If devices combine B − 1 signals in a data subgroup excluding the measured IUI, all IUI terms are summed B − 2 times and summed IUI is a multiple of measured IUI. Therefore, combining a data subgroup is necessary before conducting interference cancellation. When we assume that the channel is invariant during repetition (i.e. h i (k i ) = h i , ∀k i ) and the maximal ratio combining (MRC) is used for the receiver of mMTC devices, that is,
, combining a data subgroup composed of B − 1 repetition signals yields Y c given in (6) . In (6), we can verify that the result of combining the B − 1 data in a data subgroup includes the signal of device i and the measured IUI.
When mMTC devices receive all repetition signals successfully, we can acquire the entire IUI as (6) 
C. INTERFERENCE CANCELLATION BY SUBTRACTING THE MEASURED IUI
As depicted in Fig. 1 , the results of combining data subgroups include the desired signal and the measured IUI, and interference cancellation can be performed by signallevel subtraction. When the desired device i subtracts the measured IUI (5) from (6), the resulting signal is represented as
From (7), we can see that IUI is successfully canceled by signal-level subtraction when the channel is not varying. If the channel varies during repetition, the measured IUI (5) is not exactly the same as the IUI contained in the repetition signals. Therefore, residual interference occurs after the signal-level subtraction, and it degrades performance of interference cancellation. However, we can expect that residual interference is not critical because mMTC devices are supported in slowly varying channel. On the other hand, performance degradation due to noise still occurs even after performing combining and signal-level subtraction in an IC group. The performance degradation due to noise can be mitigated by combining the results obtained from the M IC groups as described in the next subsection.
D. NOISE REDUCTION BY COMBINING INTERFERENCE CANCELLATION GROUPS
In (7), the interference cancellation is performed for only B repetition signals of the device i. When N rep = M · B, we can obtain M output signals of device i after applying the interference cancellation to M IC groups. Therefore, as depicted in Fig. 1 , we can exploit these M output signals to reduce the effect of noises in (7) . The device i combines M output signals before symbol detection is performed. If the channel does not vary during M · B repetition, the combined signal of device i is given as (8) , as shown at the bottom of this page. In (8) , although the noise terms remain after the signallevel subtraction and IC group combining, the effect of noise can be mitigated by increasing the repetition number M · B. When the number of devices B is sufficiently large, the first noise term n 1 in (8) is close to zero by the law of large numbers [5] . For the same reason, all the noise terms go to zero when the number of combining groups M is very large. If the mMTC device is supported ideally with a large number of combining groups M , all the interferences and noises can be reduced and the desired signal is received successfully by using the proposed method.
In terms of the complexity, the proposed method requires the same complexity as the existing mMTC system. For the existing mMTC system, N rep − 1 = M · B − 1 times combining procedures are required to combine all repetition signals. On the other hand, the proposed method requires B − 2 combining and 1 subtraction per 1 combining group for cancelling IUI and there are M combining groups. After cancelling IUI, M − 1 times combining procedures are additionally required because all results of combining groups are combined as (8) . Therefore, M · {(B − 2) + 1} + (M − 1) = M · B − 1 = N rep − 1 times combining procedures are implemented. Thus, the complexity of proposed method is same as that of the existing mMTC system. The proposed method can be utilized for low cost mMTC devices because the combining procedures consist of simple additions and multiplications.
IV. NUMERICAL RESULTS AND DISCUSSION
We verify the performance of the proposed method in a time-invariant channel and a time-varying channel during repetition. First, we consider the time-invariant channel case. We assume that the BS knows the channel information of all devices perfectly, and the convolutional coding for NB-IoT [6] is applied. Generator polynomials for the convolutional coding are set as [133 171 165] and the constraint length is 7. The mMTC device is assumed to know its effective channels by using pilots such as demodulation reference signal (DMRS). For performance comparison, we consider the zero-forcing (ZF) precoding [7] and the minimum mean square error (MMSE) precoding [8] precoding or MMSE precoding is used for transmitting the repetition signals, the mMTC device combines the received repetition signals by using MRC. We consider that the BS transmits 16 and 32 repetition signals for mMTC devices with a single antenna when the number of co-scheduled devices B = 4 and 8, respectively. The number of BS antennas is N t = 4. For a fair comparison of the B = 4 and 8 cases, we assume that the sum of transmission powers for all mMTC devices during one repetition is the same. In addition, the BS allocates the same transmission power to each device. In Fig. 2 , we can see that the proposed method cancels IUI successfully. The BLER performance for N rep = 32 is improved because the total transmission power during 32 repetitions is larger than that during 16 repetitions. In Fig. 3 , the BLER performance of the proposed method is better than those of the existing methods because the performances of the existing methods depend on the degrees of freedom to select the beamforming vectors for IUI cancellation. Therefore, the proposed method can achieve a higher diversity order. In particular, the existing methods cannot handle IUI when the number of co-scheduled devices is larger than the number of transmit antennas, since the number of devices affects the degree of freedom for interference cancellation [9] . As shown in Fig. 3 , the results of ZF and MMSE precoding methods are overlapped and the existing methods cannot cancel IUI effectively when 8 devices are co-scheduled. On the other hand, the proposed method can cancel IUI for 8 co-scheduled devices although the performance is worse compared to the case supporting 4 co-scheduling devices. This performance degradation comes from the fact that the transmission power per device decreases due to the total power constraint during one repetition. However, we can verify that the proposed method is still useful even when the number of devices is greater than the number of transmission antennas. Next, the proposed method is investigated with the timevarying ITU channel models (Office and Vehicular A) [10] . Channel parameters for ITU channel models are follows as table 1. As we can see from the results in Fig. 4 , the proposed method for the Office model with a speed of 0 is superior to the existing methods, since the coherence time is longer than the transmission time of B repetitions. The proposed method also shows better BLER performance than that of existing methods in the Vehicular A channel model with a speed of 30 km/h, because it has a higher diversity order.
In Fig. 4 , all the methods show better performance in the Vehicular A channel model compared with the Office channel model. Though the additional gain in the Office channel model can also be obtained by channel coding and combining the repetition signals, the gain in the Office channel is smaller than that in the Vehicular A channel because the Office channel varies very slowly. When the proposed method is applied to the Vehicular A channel, performance degradation occurs because the IUI measured by using a blank resource is different from the IUI included in other repetition signals. However, the performance in the Vehicular A channel can be improved compared to that in the Office channel model because mMTC devices can obtain the increased diversity gain in a fast fading channel by using channel coding.
V. CONCLUSION
This paper proposed an IUI cancellation method for multiuser downlink transmission of mMTC devices. To support multi-user mMTC devices with a low complexity receiver, the blank resources are exploited to measure the IUI, and IUI is eliminated by performing signal-level subtraction in the IC group. We verified that the proposed method can cancel the co-channel IUI effectively in low mobility environments. Since mMTC devices are usually operated in fixed or low mobility environments, the proposed method is applicable to the multi-user transmission for mMTC.
